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Abstract

Water is key to keeping urban areas safe and healthy for humans and hence safe sanitation and waste
water treatment is promoted by the United Nations Sustainable Development Goals. We show that
emissions from existing state-of-the-art water technologies are problematic from a Planetary Boundaries
(PBs) perspective. The magnitude of the climate change impact in relation to the PB based normalization is
much higher than for any other PB. The current paradigm for urban water management needs a radical
change for society to be served while emissions are reduced to a level that complies with the Planetary

Boundaries.

Keywords

Life Cycle Assessment; Planetary Boundaries; Sustainable Water Management; United Nations Sustainable

Development Goals; Urban Water Management



20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

Introduction

Water is used to establish barriers between humans and potential threats (hygienic and other) which has
been of major importance for the historic development of human society and human health (Ferriman,
2007). As such, urban water management is essential for urbanization as set forth in the United Nations
Sustainable Development Goal (UN SDG) 6 on Water and sustainable management of water is key for
creating sustainable communities (UN SDG 11 on cities) (United Nations, 2015). Urban water management
incorporates withdrawal of water for consumption purposes (Godskesen et al., 2013; Lundie et al., 2004),
handling of wastewater to maintain barriers between humans and hazards (Brudler et al., 2019; Corominas
et al., 2013; Delre et al., 2019; Fang et al., 2016; Wenzel et al., 2008), and stormwater management to

dampen climatic fluctuations from droughts to flooding (Brudler et al., 2016; Green, 2010).

Urbanization changes the natural water cycle substantially (Figure 1). This change is generally considered
inevitable to fulfil human needs (Ferriman, 2007). It is also increasingly recognized that water systems must
be sustainable with respect to all three pillars of sustainability, i.e. to provide these services with due
consideration to economy, society and the environment (Belmeziti et al., 2015; Larsen et al., 2016). Hence
the question in the title: can we live up to UN SDG 6 and spread modern urban water management to all

people in the world without compromising environmental sustainability?
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Figure 1 The urban water cycle as presented in Denmark with: A) groundwater based water supply, B) wastewater and
stormwater collection systems, C) wastewater treatment including nutrient removal, and D) protection against pluvial flooding.
CSO is short for Combined Sewer Overflow.

Life Cycle Assessment (LCA) is a widely accepted and internationally standardized tool to assess
environmental sustainability and has been applied within all areas of urban water management to compare
management approaches and technological options (Brudler et al., 2019, 2016; Corominas et al., 2013;
Delre et al., 2019; Fang et al., 2016; Foley et al., 2010; Wenzel et al., 2008). However, marginal
improvements may not be sufficient to ensure overall environmental sustainability (Bjérn and Hauschild,
2015; Ryberg et al., 2016). Hence, there is a need to map the best available practices against the
definitions of the Planetary Boundaries (PB) where the goal is to keep the Earth System within the stable

environmental state of the Holocene (Rockstrom et al., 2009; Steffen et al., 2015). If PBs should not be
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exceeded, it is necessary to downscale to a more local level to guide strategies and define thresholds(Bjgrn

and Hauschild, 2015).

Methods

Data from four existing LCA studies are used in this study

e  Water supply: Copenhagen, Denmark: 535 000 people receiving service (Godskesen et al., 2013)

e Wastewater treatment: Copenhagen, Denmark: 520 000 people receiving service (Delre et al.,
2019)

e Stormwater managemet: Odense, Denmark: 14 000 people receiving service (Brudler et al., 2019)

e (Climate change adaptation: Copenhagen, Denmark: 79 000 people receiving service (Brudler et al.,
2016)

The different studies, even though most of them from Copenhagen, Denmark, do not cover the exact same
spatial areas and thus serve different numbers of people. The system boundaries of the original studies are

investigated and adjusted to avoid double counting of any processes, see [Supplementary material].

Each study is re-referenced to a common functional unit relating to the provision of essential societal water
services for one person. The impacts arising from each of the service functions is allocated per person
according to the number of people benefiting from the service function. That way, the impacts can be
compared across studies. In the [Supplementary material] all PBs are investigated, showing that climate
change emissions is by far the category with the highest PB exceedance and at the same time the category
with the best data coverage. Hence, this is the category focused on in this study. The total allowable GHGs
emissions for the number of people receiving the services is calculated using the very strict PB based
normalization value of 522 kg CO2-eq per person per year provided by (Bjgrn and Hauschild, 2015). This
corresponds to an allowed global warming of 1 W/m? and is thus more strict than e.g. the Paris agreement,
but still very relevant given the current lack of reductions in actual emissions, and consequential future
needs for faster reductions (UNEP, 2019). Finally, the emissions per person from the different services are

related to the total allowable emissions of a person as the share a given service is occupying.
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Results and discussion

While existing LCAs of urban water systems have identified environmentally preferable options, we show
that the total emissions of the assessed systems are unacceptable from a PB perspective. Using PB based
normalization (Bjgrn and Hauschild, 2015) on LCA studies of urban water management in Denmark, we
show that even the most favourable solutions will generate greenhouse gas (GHG) emissions that
constitute a large fraction of peoples total allowable emissions (Figure 2). This has not been reported by the
original studies that focus on comparisons between subsystems of urban water management (Brudler et
al., 2019, 2016; Delre et al., 2019; Godskesen et al., 2013). The challenge is even larger than shown here for
the thousands of cities globally that deal with more polluted water resources, more extensive treatment

and less efficient infrastructure than Denmark (Wang et al., 2019; WWAP, 2017).
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Figure 2 Percentage of maximum allowable climate change impact for one person based on Planetary Boundary normalization of
emissions from urban water services in Denmark.
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Climate change related environmental emissions are identified as a very important impact in all the
originally assessed studies and this is further backed by the PB based normalization, see [supplementary
material]. Climate change impacts are caused by GHG emissions, which mainly arise from direct emissions
of methane and nitrous oxide from the wastewater treatment plants; energy use for pumps and aeration in
water supply and wastewater treatment systems; and material use, transport, and construction in the

stormwater management and associated changes for climate adaptation.

The PB normalization indicates that impacts from urban water management exceed allowable thresholds.
While GHG emissions from water services account for close to 14% of allowable emissions (Fig. 2) it is
reported to contribute just 1% of total GHG emissions in Denmark (Nielsen et al., 2017). Exactly how many
emissions urban water management can be allowed to generate in a PB sustainable society is in the end a
political choice; but the 1% of all emissions from Nielsen et al., (2017) sets a realistic likely level. It is clear
that no gradual improvement of the existing paradigm with concrete and pipes will lead to an acceptable
emission level. We showcase how a single decision domain should be broken down to enable a thorough
analysis of where to put focus to increase sustainability. Even in a scenario where future electricity
production is entirely based on renewables, emissions from electricity use will not be reduced to zero (EEA,
2014; Godskesen et al., 2013), and reductions in emissions from material use and transport will be very
uncertain. The direct emission of methane and nitrous oxide from wastewater treatment will not be
directly affected, and emission reductions will for this part depend entirely on implementation of new
technical solutions not fully developed yet. For water management the solution could be to find
alternatives to using water as the primary carrier of pollutants in urban areas or to systematically recover
resources and energy in every urban water cycle across the globe (Belmeziti et al., 2015; Larsen et al.,

2016).

This is not just another call for reducing GHG emissions but a call to align objectives for and among the

SDGs and the Planetary Boundaries recognizing that all three pillars of sustainability are not equally
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important and mutually tradable; A sustainable economy can only flourish within a sustainable society, and

a sustainable society can only exist at a healthy sustainable managed planet, governed in respect of the PB.

Challenges remain with linking the PB to LCA and using them on non-global systems (Ryberg et al., 2016;
Steffen et al., 2015); these need to be addressed (Randers et al., 2018). Nevertheless, for GHG emissions
the PB based normalization appears to be a strong framework to support not only relative environmental
impact of solutions to a problem, but also to indicate where fundamentally new local solutions are needed
to enable tackling of global problems. It has been demonstrated that peoples’ habits need to change to
meet the PBs (Springmann et al., 2018), but people cannot directly influence their impact from public

services, like urban water management, so it is a societal challenge to deliver these while respecting the PB.

Conclusions

To answer the question raised in the heading: To meet UN SDG 6 while respecting the PBs, requires first
and foremost a dramatic reduction in GHG emissions from urban water management. It requires a total
decoupling of GHG emissions and energy and material use, as well as active carbon fixation and/or a
reduction of direct GHG emission from the systems, without these changes challenging other PBs not seen
as problematic today [supplementary material]. Importantly, changes need to happen at a rate
unprecedented for water infrastructure. LCA and PB based assessments are key methodologies for
highlighting 1) how far we are from being sustainable and 2) which subsystems require radical new

developments before urban water management will be sustainable.
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